APPENDIX A

Thermal Units, 30 MW and above, Installed
in India Since 1950

Unit Parameters at

Sl. Size Turbine Stop Name of Station No. of
No. MW Valve units.
1 2 3 ' 4 5
L 30 60 kg/cm? Calcutta 2
482°C (CESC)
2. do Basin 2
Bridge
3. do Khaperkheda 3
4. do Korba 3
5. do Durgapur 2
W. Bengal
6. do Paras 1
7. do Ahmedabad 2
8. do Harduaganj 2
9. 70 kg/cm? Delhi <C’ 1
488°C
10. 60 kg/cm? Harduaganj 1
482°C
11T do Amarkantak 2
12. do : Nellore 1
13, 70 kg/cm? Kanpur 2
485°C
14, 60 kg/cm? Parli 2
482°C
15. 66 kglcm? Gauhati 1
482°C
16. 50 60 kgjcm? Bokaro 3

482°
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1 2 3 4

17. 90 kg/cm? Neyveli 6
2387C

18. do Calcutta 2

(CESC)

19. do Korba 4

20. 90 kg/cm? Patratu 4
5357

20. do Obra 5

21. 96 kg/cm? - Harduaganj 2
535°C

22, 90 kg/cm? Barauni 2
535°C .

23. 60 88 kg/cm? Kothagu-dam 4
510°C

24. 90 kg/em? Ennore 2
535°C

25. do Harduaganj 2

26, do Delhi ‘C* 1

27. do Faridabad 2

28. 62.5 88 kg/cm? Trombay 3
510°C

29, do Dhuvaran 4

30. 62.5 88 kgjcm® Delhi ‘C’ 3
510°C

5 3 do Paras H

32. do Satpura <]

33. do Taicher 4

34. do | Renusagar 2

35 do Bhusawal |

36. 88 kg/cm? Ramagundam 1
510°C

- 75 71 kg/cm? Durgapur 2
496°C W. Bengal

38. do do 1
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)

1 2 4
39. 82.5 102 kgfcm? Bokaro 1
538°C DYC
40. do Durgapur 2
DVC
4], 102 kg/cm? Bandel 4
538/538°C . :
42, 100 90 kg/cm? Neyveli 3
535°C
43. do Patratu 2
44, do Obra 3
45, do Badarpur 3
Delhi
46. 110 130 kg/cm? Ennore 2
535/535°C
47, 110 130 kg/cm? Ennore
535/535°C
48. ‘ do Kothagudem 2
49, do Bhatinda 2
50. 120 126 kg/cm? Santaldih
538/538°C
5L, do Koradi
52. do Chandrapura
DVC
53. 140 125 kgfcm? Chandrapura 3
538/538°C
54. do Durgapur
DYC
55, 140 kg/cm? Nasik 2
540/540°C
56. 126 kg/cm? Dhuvaran 2
538/538°C :
57. 150 167.5 kg/em?® Trombay 1

565/538°C




APPENDIX B

Nuclear Power Stations in India under
Construction and in Operation

l. Name of Rajasthan  Madras Narora Tarapur
Station Atomic Atomic  Atomic Atomic
Power Power Power Power
Station Project Project Station.
. NG: of 2220 MWe 2x235 2235 2x210
Units and  (gross) MWe MWe MWe
size (gross) (gross) (gross)
3. Type of —Pressurised heavy water reactors - Boiling
Station with on load refuelling water type
reactors
4. Fuel used  —Uranium dioxide (natural — Enriched
uranium) uranium
5. Moderator Heavy Heavy Heavy Light water
water water water
6. Coolant Heavy Heavy Heavy Light water
water water water
7. Steam —41.06 kg/cm? abs., 0.26%, Wet, 32.35 kg/cm?
pressure and 250°C abs., 240°C
temperature
8. Cost of —Rs. 3300—5500 per kW — Rs, 1300 per
nuclear (installed) (1977) kW (instal-
station led) (1960)
9. Cost of —2 to 2.5 paise/kWh — 3t03.5
fuel . paise/kWh

10. In Opera- One unit in —Under construc- — 2 units in
tion;Under operation © tion operation
Construction One under

construction.




APPENDIX C

Hydr;) Power Stations in India

(4 MW and above) as on 1-3-1978 (Statewise)

Name of No. of units  Type of Head Speed Total

Hydro and capacity turbine metres R.P.M. installed

Power (MW) capacity

Station (MW)

1 2 3 4 5 6

Andhra Pradesh

Nizam Sagar 2x35 Kaplan 18 250.00 10.00

Machkund 3 x21+ Francis 258 600.00 114.00
Ix 17

Upper Sileru  2x 60 Francis 89 187.50 120.00°

Lower Sileru 2x 110  Francis 201 300.00 440.00

Nagarjuna 1x110  Francis 92 187.50 110.00

Sagar

Bhakra Beas

Management Board

Bhakra R.B. 5x120 Francis 122 - 187.50 600.00

Bhakra L.B. 5x90 Francis 122 166.70 450.00

Ganguwal 2x244 Francis 28.34  166.70 77.00
1x29

Kotla 2%244+ Francis 28.34 166.70 77.00
1x29 : '

Dehar 4x165 Francis 282 300.00 660.00

Pong 4 x 60 Francis . 65.5 166,70 240,00

Bihar

Kosi 4x>5 Bulb 4 93.80 20.00

Subarnarekha 2 x 65 Francis 133 300.00 130.00

D.V.C. '

Panchet Hill 1x40  Kaplan 25 25000  40.00
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1 : 2 3 4 5 6
Maithon Ix20 H. Francis 35 176.47 60.00
Tilaya 1x4 Kaplan 20 250.00 4.00
Gujarat |
Ukai 4x75 Kaplan 5Q 150.00 300.00
Himachal Pradesh i
Bassi 3xI15 Pelton - 335.6 500.00 45.00
Giri-Bata 2x30 Francis 147.5 '428.60 60.00
Jammu and Kashmir
Gandherbal 2x3+ H. Francis 140 1000,600 15.00
2x4.5 '
Upper Sindh 2x11.3 Francis 158 500.00 22.60
Chenani 5x4.6 Pelton 366 600.00 23.00
Lower Jhelum 3x 35 Francis 61.00 214.30 105.00
Mohora 2x4.5  H. Francis 120 600.00 9.00
Karnataka
Shimshapura 2x8.6 Francis 192 600.00 17.00
Munirabad 3Ix9 Kaplan 42 214.30 27.00
Sivasamudram 6 X 3+ H. Francis 128 375,600 42.00
4x6
Jog 4x18+ H. Pelton 356 428.60 120.00
4x12
Bhadra Ix7.2+ Kaplan 18,43,35  214.30, 33.20
2x 12+ Kaplan 250,
1x2 Francis 500
Sharavathi 10x89.1 Pelton 443 300.00 891.00
Tungabhadra 8x9 Kapian 28.6 214,30 72.00
Kerala
Idukki 3x130  Pelton 665 .« 375.00 390.00
Sabarigiri 6x50 Pelton 710 500.00 300.00
Kurtiady Ix25 Pelton 643 500.00 75.00
Sholayar 3x18 Francis 306 750.00 54.00
Sengulam 4x12 H. Pelton 312 500.00

48.00
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1 . 2 3 4 5 6
Neriamanga- 3x 15 Francis 198 600.00 45.00
lam .
Pallivasal 3<7.5+ H, Pelton 572 600.00 37.50
Ix5
Poringalkuthu 4 x8 ° Francis 176 214.30 32.00
Penniar Ax15 Francis 238 600.00 30.00
Madya Pradesh
Gandhisagar 6x 23 Francis 46 187.50 115.00
Maharashtra
Koyna Stage I 4 x60 Pelton 475 300.00 240.00
Koyna 4x75 Pelton 475 375.00 300.00
Stage 11
Koyna 4x80 Francis 123 214.30 320.00
Stage 111
Vaitarna 1x60  Francis 280 375.00 60.00
Khopoli 6x12 Pelton 525 300.00 72.00
Bhivpuri 6x12 Pelton 525 300.00 72.00
Bhira 6x22 H. Pelton 457 375.00 132.00
Purna 3x7.5 Francis 34 250.00 22.50
Bhatgar 1x16 Kaplan 36 214.30 16.00
Vir 2x4.5 Kaplan 36 214.30 9.00
Meghalaya |
Umtru 4x2.8  Francis 53 500.00 11.20
Umiam Stage [ 49 Francis 149.35  600.00 36.00
Umiam 2x9 Francis 82.00 166.70 18.00
Stage II
Orissa
Hirakud 1 2%x24+ Francis/ 32 150.00 198.00
4x37.5 Kaplan
Hirakud I 3x24  Kaplan 22 150.00 72.00

Balimela 660 Francis 274 375.00 360.00
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1 2 3 4 5 6 *
Punjab |
Shanan 4x12 Pelton 600.00 428.60 48.00
UBDC LIIIII 3x 15 Kaplan 17.1 150.00 45.00
Rajasthan
Ranapratap 4x43 Francis 50 125.00 172.00
Sagar
Jawahar Sagar 3% 33 Francis 35 120.00 99,00
Tamil Nadu
Kundah I Ix20 Pelton 317 428.60 60.00
Kundah II 5x35 Pelton 714 428.60 175.00
Kundah III  2x60 Francis 259 375.00 120.00
Kundah IV 1x50 Francis 64 150.00 50.00
Kundah Vv 1x20 Francis 259 600.00 20.00
Mettur Dam 4x10 H. Francis 40 250.00 40.00
Mettur Tunnel 4 x 50 Francis 40 136.36 200.00
Periyar 4 %35 Francis 386 750.00 140.00
Kodayar 1x 60+ Pelton) 974,244 500.00 100.00
1x40 Francis)
Shoyalar 2x354+ Francis 379,143  750,428.6 95.00
_ 1x25
Pykara 3x6+  Pelton 867 600.00 75.20
2x13.6
+2x15
Moyar 3x12 Pelton 372 428.60 36.00
Aliyar 1x60  Pelton 411.5  333.30 60.00
Sakarpathy 1x30 Francis 89 250.00 30.00
Papanasam 4x7 Francis 71 600.00 28.00
Tripura
Gumti 2x5 Francis 42 33330 10.00
Uttar Pradesh
Matatila 3x10 Kaplan 26 250,00 30.00
Rihand 650 Francis 69 150.00 300.00
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1 2 3 4 5 6

Obra 3x33 Kaplan 2042 115.40 99.00
Khatima 3x13.8 Kaplan 18 166.70 41.40
Ramganga 3Ix66 Francis 97.25 187.50 198.00
Dhakrani 3x11.25 Kaplan 18,60 187.50 33.75
Dhalipur 3x17, Francis 30 150.00 51.00
Yamuna Stage 3 x 10 Kaplan 18 187.85 30.00
IV (Kulhal)
Yamuna Stage 4 > 60 Francis 99 250.00 240.00
IT (Chibro)
West Bengal
Jaldhaka Ix9 Francis 147 600.00 27.00

L



APPENDIX D

The Hydro-electric Potential in India

Firm hydro potentid]

Region In million kW In million kWh
at 609, load factor

Northern 10.73 56,500 )
Western 797 : 37,800
Southern 8.10 42,600
Eastern 2,70 ; 14,200

North Eastern 12.46 65,500

Total (All India) 41.16 216,600

The hydro potential in India is estimated at 41 million kW of
generating plant. So far about 7 million kW of generating plant

has been installed and a further 7 to 8 miliion kW is under cons-
truction,
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Index

Advanced gas cooled reactor (AGR),
223 :

Air pollution performance standard,
572

Air preheater, 121

Air standard cycle, 71

Alpha particles, 214

Analog control system, 566

Application of computers in power
system, 575

Ash handling, 17

Atomic mass unit, 215

Atomic number, 213

Atomic frequency control, 480

Automatic voltage regulators, 437, 448

Base load factor, 352, 354

"Base load plant, 46, 276, 344

Beta particles, 214
Binary vapour cycles, 139, 203
Binding energy, 216
Biogas plants, 588
Biomass plants, 589
Boiler—
characteristics of, 135
methods of loading, 515
types of, 135
Booster transformers, 468
Breeding, 228
Brown-Boveri voltage regulators, 465
Brushless thyrister excitation
system, 435
Bulb type turbines, 280
Busbar arrangements—
duplicate, 415
ting, 417
ingle, 413

S

Busbar protection—

partial dilferential
with overcurrent, 510

- relays, 511

voltage differential, 512

Calder Hall reactor, 223
CANDU type reactor, 226
Catchment area, 249 -
Cavitation, 313

Cavitation coefficient, 314
Centralised control, 176
Chain reaction, 220-221
Circuit breakers—

aic-blast, 405

air-break, 405

low oil-content, 410

oil, 410

oil impulse, 408
selection of, 410, 411
specifications of, 410, 411

Coal handling, 114

Combined cycles, 201
Combustion control system, 169
Condenser, surface, 124
Cooling tower, 84, 131

Cooling water for diesel

engines, 82

Co-ordination—

of different types of

power plant, 365

of incremental fuel cost

and incrementa\ trans-
mission loss, 523

of nuclear and hydro-

electric power stations, 363

Costs—

of energy, 51
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fixed, 50, 178
Cottage industries, 13
Critical pressure, 182

Critical speed, 145
Current limiting
reactors, 414
Current transformer, 473
Cyclic irregularity, 93
'Cyclic variation, 91
Cyclone furnace, 136

Dams—
arch, 265
butress concrete, 266
earth, 266
ock-fill, 268-
solid gravity concrete, 263
Demand factor 1,2
Depreciation, 52
Deﬁreciation fund, 52
Diesel-electric generators—
characteristics of, 87, 88
main dimensions of, 88, §9
sizes of, 94
Diesel electric stations——
application of, 68
cost of, 97
preliminary design of, 68
Diesel engines—
characteristics of, 76
choice of, 73
cooling water for, 82
efficiency, 72
4-stroke and 2-stroke, 73
fuel requirements, 80
heat balace sheet for, 80
main dimensions, 84
mean effective
pressure, 72
principles of
working, 70
specifications, 75
Differential relays, 563

Index

Digital control system, 566
Diversity factor, 4
Draft tube, 291,311

Draught forced, and induced, 117
Dymanic programming, 549

Earth-fault neutralizer, 379
Earthing of power systems—
reactance, 379
resistance, 379
solid, 376
Economic loading of combined
thermal and hydro
stations, 526
Economic load dispatch, 539
Economizer, 120
Efficiency ratio, 142
Einstein’s law, 214
Energy forecasting, 538
Energy shortage, 106
Energy storage, 598
Energy supply options, 578
Excitation control, 436
Excitation systems—
a. c. excitation system, 434
brushless thyrister
excitation system, 435
d. c. excitation system, 432
400 cycle system, 436
harmonic excitation system, 436
static exciter regulator
system, 443
Exciters, main and pilot, 320, 321

Feed water control, 173

Fertile materials, 218

Field protection, 503

Fill factor, 592

Firm power, 263, 287

First order gradient method, 544
Flow duration curve, 25]

Fly ash control, 568

Forebay, 271

Forecasting energy demands, 580
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Index

Gamma rays, 214
Gas turbines—

Brayton cycle for, 191

closed, cycle for, 196

fuels for, 197

main parts of, 191

open cycle for, 193
Gas turbine power stations, 190,361
Generation allocation control, 551
Generation, choice of tvpe of, 28
Generation constants, 370
Generation system reliability, 553
Generation protection—

differcntial, 497

earth overcurrent, 501

field earth fault, 503

motoring, 505

overcurrent, 501

overheating, 503

overspeed, 505

overvoltage, 503

split phase, 501

unbalanced currents, 503
Generator specifications, 375
Generator units, choice

of size and number of, 36

Half life, 213
Head—
«ritical, 307
design, 298
rated, 299
Health physics, 239
Heat exchanger, 211
Heavy industries, 14
Hydraulic turbines—
axial flow, 291
bulb type, 280
efficiency, 299
Francis, 292, 294, 303
impulse, 279, 290,. 309
inward [low, 291
Kaplan, 295, 303
main dimensions of, 307
propeller, 293, 295, 303

627

radial flow, 291
reaction, 279,290 -
setting of, 304-
Hydro-electric generators—
air cooling of, 319
main dimensions of, 323 -
Hydro-electric plants—
high head, 279
low head, 279
medium head, 279
' _reservoir, 276
run-off river, 276
Hydro-electric potential
in India, 546
Hydro-electric stations—
control, 322
costs, 329
in India, 541
methods of loading, 525
Hydro-thermal scheduling, 550
Hydrogen cooling, 146
Hydrographs, 249
Hydrology (or hydrography), 247
Hydro rate—
maximum, 352
minimum, 347 .

Incremental rate, 515

Induction regulator, 470
Instrumentation and controls, 166
Intake, 271

Interconnexion, 480, 514
Irrigation, 9, 15

Isohyets, 248

Isolating switch, 412

Isotope, 213

Lamda iteration method, 543
l.oad—

average, 2
commercial, 7
connecled, 1,12
domestic, 7, 12
industrial, 8, 12
municipal, 8
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prediction of, 12
residential, 7, 12
street lighting, 8, 14
traction, 9, 15
variable, 47
Load curve, 2
Load dispatching, 529
Load duration curve, 42
Load factor, 2, 57
Load and frequency contol, 480
Loaa forecasting, 11, 537
Load requirements of
an area, 12
Load shedding, 48
Load survey methods, 19
Loading of Hydro units, 549
Loading of power plants,
optimum, 520
Location of power stations, 25

» Magnox reactor, 223

Mass—

curve, 254

defect, 215

number, 213
MHD generation, 204
Maximum demand, |
Maximum demand meter, 61
Medium indusiries, 14
Model ratio, 309
Moderators, 219

Neutrons, method of
producing,2 17
NOx control, 571
Nan-weather sensitive
model, 539 .
Muclear fission and fusion, 216
Nuclear power stations—
layout of, 237
location of, 231
in India, 540
Nuclear reactor, 211
voiling water, 223, 224
CANDU tvpe, 226

Index

* enriched, 219
fast breeder, 238
pressurised water, 226
sodium graphite, 226
Nuclear reactor control, 237
Nuclear waste disposal, 238

Operating schedule, 40
Optimum loading of power plants,520
Overcurrent relays—

instantaneous, 561

time overcurrent, 562

Peak load plants, 46, 177, 343, 344
Pelton wheel 297
Penstock, 272, 316, 317
Phase angle control, 468
Phase swinging, 93
Photovoliaic system—
integrated with Grid, 594
concentrating system, 597
Plant capacity factor, 37, 38
Plant use faetor, 38
Pollution control, 567
Pondage, 258, 276
Power'angle diagram, 453
Power duration curve, 287
Power firm, 263, 287
Power shortage, 103
Power stations,
location of, 29
Power supply for station
auxiharies, 475
Power system security, 535
Potential transformer, 472
Pressure, critical, 82
Prime hydro-steam rate, 376
Priority list schemes, 548
Protection (see Bus bar,
Generator, Transformer)
Prolective relaying, 487
Pulverised fuel
operation, 136

Radio active decay, 213
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Radioactive isotopes, 213
Reactance— gt
direct axis synchronous, 371
negative sequence, 374
quadrature axis
synchronous, 371
sub-transient, 372
transient, 372
zero sequence, 374
Reactors, current limitiog, 414
Reactors, nuclear (see Nuclear)
Recovery voltage, 403
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“ manufacture of, 597
characteristics of, 591
arrays, 595
Solar energy applications, 579
Solar energy system

Principle and applications, 589
Solid state relay, 558

advantages of, 558

basic construction, 558
Sox control, 569
Specific electric loading, 90
Specific megoetic loading, 90

Reducing balance me Specific speed, 280, 300
Regulating rod, 222 Speed—
Relays— critical, 145

balanced current, 495, 496
differential, 495
directional, 493, 495
directional impedance, 492
distance, 496
impedance, 492
overcurrent, 491
reactance, 491
time overcurrent, 492
under voltage, 491
Runoff river plants—
in combination with
steam plants,
economics of, 352
Rural electrification, 16
Rural energy demand, 583

Safety rod, 222
Schmitt trigger circuit, 560
Scroll case, 316
Secondary power, 263, 288

Security contingency analysis, 556

Seepage line, 268

Shim rod, 222

SIMCRED, 560

Short circuit ratio, 320, 371
Single line diagram, 412
Sinking fund method, 53, 54
Small scale industries, 13
Solar cell, 590

"

S
“, 3
\--R’--_._—'-.,-\,.,. i
j = __;H T

runaway, 306
specilic, 280, 300
Speed drop, 91
Speed ring, 279
Spillways, 270
Spinning reserve, 49, 547
Stand alone solar
power system, 599
design of, 600
Statistical method, 21
Stator conductors, hollow, 146 .
Steam rate, maximum, 353
Steam stations—
auxiliaries, 154
auxil.ary drives, 157
in India, 537
layout, 158
preliminary design, 112
superpressure, 182
Steam turbines—
governing, 175
impulse (Curtis), 122
reaction (Parson), 123
Stochastic model, 537
Stoker—
overfeed, 137
underfeed, 137
Straight line method, 52
Street lighting, 8, 14
Substructure, 325



Supercharging, 76 }o&
Superheater, 138 ;
Superstructurg, 325 £
Surface condensers, 124
Surge tank, 273
Switch-isolating, 412
Synchronizing of alternators, 451
Synchronous compensator, 363
System stability—

steady state, 457

Jransient, 461

Tariffs, 48, 59
Tidal power plants, 281
Time constants—
direct axis sub-transient, 372
direct axis transient,
open circuit, 372
direct axis transient short
circuit, 372
short circuit of
armature winding, 374
Traction load, @, 15
Transformer cooling—
forced air, 399
forced oil, 399
self oil, 398
Transformer protection—
Buchholz, 509
- Qvercurrent, 508
percentage differential, 536
temperature, 510
Transformers—
hooster, in phase voltage, 468
- booster, quadrature voltage, 469
connexions, 382
earthing, 381
harmonics in, 386
parallel operation of, 933

. selection of,.396

Index

specifications of, 401

tap changing, off load 466,467

tap changing, on load, 466,467

vector groups, 384

voltage regulation of, 465
Transmission liability, 330
Transmission loss, 519
Transpiration, 248
Trash rack, 271
Trive~t~- 2oeter, 61
hiydraulic (see Hydraulic)
ernators, method of
loading, 515

Underground power station, 274

Unit commitment, 547

Use of Diexel sets as alterna-
tive power plant, 107

Variance, 539
Yoltage recovery, 403
Voltage regulators—
electronic, 442
magnetic amplifier type, 443
pulse type, 439
servo type, 440

Water hammer, 273
Water pollution, 574
Water supply and drainage, 9, 14
Water treatment plant, 126
Weather load model, 539
Willan's law, 140
Wind electric system—
basic components of, 608.
characteristics of, 608
cut in speed, 611
cut out speed, 611
principles and applications, 607



